Photorefractive (PR) Strontium-Barium Niobate (SBN) has been the subject of extensive research in recent years. Large PR nonlinearities and relatively fast response time at low power levels make this materit?' a preferred candidate for a variety of applications such as optical data storage. Intensitydependent absorption [ 11 and related phenomena were discovered and investigated extensively in different PR crystals and at different optical light intensities spanning the range of lmW/cm2 to lo4 W/cm2. In this study we investigate the light-induced absorption through pump-probe measurement at relatively low optical power densities in photorefractive SBN:60 and SBN:75. We employ high optical quality 6mm x 6mm x 6mm crystal samples of Cr-doped SBN:60 and Cedoped SBN:75. In our experimental set-up we use a polarized expanded beam (h=488 nm) of an argon-ion laser as a pump. The light-induced changes in the absorption coefficient are measured by monitoring the transmitted power of a weak, loosely focused (diameter -200 pm inside the crystal) probe beam (h=633 nm) from a low power He-Ne laser. The polarization of both beams is controlled independently by appropriate half-wave plates. Our pump-probe method enables the measurements of both the saturation value of the increase in the absorption and the time response. The incident power of the pump beam is controlled by a variable beam attenuator and is measured with a power meter in the beam path. The pump beam is expanded by a cylindrical lens followed by a spherical lens, which results in a uniform elliptical spot with the area of O.lcm* inside the crystal. The probe beam occupies a much smaller area and is enclosed entirely by the pump inside the crystal. Our measurements are taken in the pulsed regime, i.e. the pump beam is blocked by the mechanical shutter and is switched on only for short periods of time (0.2 to 20 sec). The power of the transmitted probe is monitored and recorded by a storage oscilloscope. We define the light-induced absorption coefficient aI in a manner, similar to that of Ref. 
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where I,, I , are the probe and the pump intensities at the crystal output, respectively, and d is the length of interaction (crystal thickness). We now perform a series of experiments to measure both the light induced absorption coefficient aI and its response time 2. First we investigate the absorption of the weak red He-Ne probe induced by the strong green pump in a SBN:60:Cr crystal sample for the different polarizations of both the pump and the probe beams. The steady state values of aI are shown on Fig.1 . The light-induced absorption coefficient saturates at high pump intensities and appears to be fairly insensitive to the polarization of the pump (488 nm) beam. The dependence of a, on the probe beam polarization is much more dramatic. The data in Fig.1 suggests that for a given pump intensity and polarization: aI(extra)laI(ord) = 1.95M.10. tf we assume that these traps are primarily structural defects (e.g., vacancies) rather then impurities and that mutual interaction between them is negligible, the traps and the associated wavefunctions may possess a crystal imparted symmetry, leading to strong polarization effects. Intuitively, one may view the shallow traps as isolated (localized) potential wells with their associated wavefunctions localized differently along the a-and c-axes. This may result in a larger dipole moment (and, consequently, a larger photoionization cross-section) for the light polarized along the c-axis. This explanation, if correct, may also provide useful information about the actual atoms whose absence leads to the shallow traps. Next, we investigatc ihe build-up rate of the induceci absorption, and define it as the inverse of the time required for the signal to reach the ( W e ) level of its saturation value. Our results are presented in Fig.2 . The build-up rate curves are significantly nonlinear with respect to the pump intensity with a pronounced saturation at high pump intensities. For a given polarization of the probe, we observe a shorter response time for the extraordinary polarization of the pump due to the higher absorption of the extraordinary light ( all = 2.0 cm-1 at A= 488 nm ) than of the ordinary one ( aL = 1.5 cm-1 at h= 488 nm ). A linear extrapolation to I(pump)=O at the low intensity branch of the curves gives an estimate of the effective dark decay rate of the population of the shallow traps ( due to the thermal ionization ) which equals to 30 f 5 s e d . This value is very close to the corresponding data obtained in the BaTiO, crystals [l]. However, even at moderate intensities ( >5 W/cm2) the response time is about 1.5 to 2 msec, which is significantly shorter than both the PR and the thermal response times for SBN crystals. This enables the very fast recording of photochromic gratings by the light-induced absorption. We use the Same experimental set-up to investigate the induced absorption effect in a PR Ce-doped SBN:75 sample. Because of a very strong PR coupling for an extraordinary light in this material, the light-induced absorption measurements are performed only with the ordinary polarization of the probe beam. Our experimental data, which are shown on Fig. 3 indicate that even low pump intensities ( < 5 W/m* ) induce a large increase in the absorption at the probe wavelength. The linear absorption of the crystal at the pump wavelength (A = 488 nm) is nearly equal for the extraordinary ( all = 4.7 cm-1) and the ordinary ( al = 4.8 cm-1) polarizations. The pump intensity at which the light induced absorption coefficient exhibits saturation appears to be much smaller for the SBN:75. This may explain the intensity dependent diffraction efficiency and intensity dependent wave-coupling observed [2] in some SBN:75 PR crystals. It should be noted that the dark decay (shown in Fig. 4 ) and the build-up of the light-induced absorption at low light intensities (below saturation) both exhibit a non-exponential temporal behavior. Thi s phenomenon is attributed to the fact that the shallow traps may occupy a broad band rather than a narrow level in the forbidden gap of the crystal. This, in tum, implies that the effective relaxation time depends on the initial distribution of the occupied shallow traps and the decay toward equilibrium obeys a logarithmic, rather than exponential, law within a certain time window [3]. Our direct observations of the dark decay indicate that the relaxation time for the light-induced absorption in SBN:75 may be as long as 3.0 to 5.0 seconds. This clearly indicates that in this material the secondary traps are relatively deep. On the other hand, even at the moderate pump intensities, the build-up of the absorption is very fast and is shorter than 5 msec for pump intensities near 10 W/cm*.
Finally, we obtain a lower estimate for the density of the shallow levels in the crystal studied using the absorption cross-section s* evaluated for BaTi03 [l] s&= 5xlO-%m? The lower limit for the density of the secondary traps N, , is given, therefore, by al(max)/s,h=N~=5x10~~-1017cm-3. The actual value may be at least 2-5 times higher, since the approximate formula we use assumes that all the traps are
In conclusion, we have presented experimental evidence for light-induced, intensity dependent absorption in photorefractive SBN:60 and SBN:75. Large changes in the crystal absorption can be induced even at moderate CW light intensities in the visible range. This fact has a significant impact on applications such as optical data storage where SBN is a potential candidate. Finally, we have found a nonsxponential thermal decay of the light induced absorption effect, which suggests that the shallow traps occupy a broad band in the forbidden gap of the SBN:75 crystal. 
